Background: Narrow-band imaging (NBI) allows "in vivo" classification of colorectal polyps. Objectives: We evaluated the optical diagnosis by nonexpert community-based endoscopists in routine clinical practice, the impact of training, and whether the endoscopists could achieve the threshold for the "do not resect" policy. Methods: This was an observational study performed in two periods (P1 and P2). Endoscopists had no prior experience in NBI in P1 and applied the technique on a daily basis for 1 year before participation in P2. Lesions were classified by applying the NBI International Colorectal Endoscopic (NICE) and Workgroup serrAted polypS and Polyposis (WASP) classifications, simultaneously. Results: A total of 290 polyps were analyzed. The overall accuracy of optical diagnosis was 0.75 (95% CI 0.68-0.81) in P1, with an increase to 0.82 (95% CI 0.73-0.89) in P2 (p = 0.260). The accuracy of the NICE/WASP classifications to differentiate adenomatous from nonadenomatous histology was 0.78 (95% CI 0.72-0.84) in P1 and 0.86 (95% CI 0.77-0.92) in P2 (p = 0.164); assignments made with a high confidence level achieved statistical significance (13% improvement, 95% CI 3-22%; p = 0.022). The negative predictive value for adenomatous histology of diminutive rectosigmoid polyps was 81% (95% CI 64-93%) and 80% (95% CI 59-93%) in P1 and P2, respectively. Conclusions: Nonexpert endoscopists achieved moderate accuracy for real-time optical diagnosis of colorectal lesions with the NICE/WASP classifications. The overall performance of the endoscopists improved after sustained use of optical diagnosis, but did not achieve the standards for the implementation of the "do not resect" strategy. 
Real-Time Optical Diagnosis of Colorectal Polyps in the Routine

Introduction
Colonoscopy with polyp resection has demonstrated a consistent reduction in colorectal cancer incidence [1] . However, more than 90% of the polyps detected at colonoscopy are small (< 10 mm) or diminutive (≤5 mm) and at least half are nonneoplastic, making many polypectomies unnecessary while increasing procedure-related risks and costs [2] [3] [4] . An accurate in vivo prediction of colorectal polyp histology could help avoid unnecessary polypectomies and prevent histopathologic analysis of diminutive adenomatous polyps in order to inform the surveillance interval recommendations. These strategies, respectively defined as "do not resect" and "resect and discard," have been increasingly advocated to promote more efficient and cost-effective colonoscopies [2, 5, 6] . For safely implementation of these strategies in clinical practice, the American Society for Gastrointestinal Endoscopy (ASGE), in its Preservation and Incorporation of Valuable Endoscopic Innovations (PIVI) statement, defined the performance thresholds that need to be achieved [7] .
Narrow-band imaging (NBI) is a simple "push of a button" electronic chromoendoscopy modality that uses narrow-band light filters to enhance mucosal architecture and vascular structures, allowing a real-time differentiation of histology [8] . Ex vivo studies demonstrated a short learning curve for its application [9] .
The NBI International Colorectal Endoscopic (NICE) classification was developed and validated for real-time characterization of adenomas and hyperplastic polyps, with excellent performances among expert endoscopists [10] . However, it is still necessary to assess whether these can be systematically replicated in routine practice.
Although the majority of colorectal cancer develops from adenomas, almost 15-30% arise via the serrated pathway, with sessile serrated adenomas/polyps (SSP) and traditional serrated adenomas being the precursor lesions [11] [12] [13] [14] . The Workgroup serrAted polypS and Polyposis (WASP) classification was created combining the NICE classification and the criteria for SSP characterization, allowing an in vivo differentiation of the most prevalent polyp subtypes: adenomas, hyperplastic polyps, and SSP [15] . The diagnostic performance of the WASP classification still lacks further validation, especially beyond the scope of clinical trials. In addition, a learning effect in real-time application of optical diagnosis needs to be ascertained.
We conducted an observational study evaluating the accuracy of the simultaneous application of the NICE and WASP classifications among community endoscopists with no previous experience with NBI. As a secondary aim we assessed the impact of the daily application of optical diagnosis and whether it could meet the standards for the implementation of the "do not resect" strategy.
Subjects and Methods
Study Design
An observational study was conducted among gastroenterologists from a single nonacademic oncology center (Instituto Português de Oncologia de Lisboa Francisco Gentil, Lisbon, Portugal). The study was performed during two periods: January to February DOI: 10.1159/000495258 2016 (period 1, P1) and January to February 2017 (period 2, P2). All outpatient elective colonoscopies submitted to polypectomy and histopathologic analysis were eligible.
Participants and Training
Four trainees and nine attending physicians participated in the study. Trainees performed colonoscopies only in the presence of an attending physician. Before participation in P1, a trainee (J.C.) presented a 20-min audiovisual training based on the NICE and WASP classifications (Fig. 1, 2) . None of the endoscopists had previous experience with NBI. After the first period (P1) the participants were encouraged to use NBI at their own discretion on a daily basis, with no additional formal training before participation in the second period (P2).
Endoscopic Equipment and Procedure
The study took place during the routine practice of the department. All procedures were performed using colonoscopes equipped with NBI technology: Evis Exera III CF-H190 videocolonoscopes, CV-190 processors, Olympus Europe, Hamburg, Germany. The endoscopy rooms were equipped with high-definition monitors.
All colonoscopies were performed with high-definition whitelight mode, and if a polyp was detected it was further evaluated with NBI mode. Optic magnification was not used. For each detected polyp, the location, size, morphology, optical diagnosis, and level of confidence of the prediction were recorded. The location of the polyps was specified as cecum, ascending, hepatic flexure, transverse, splenic flexure, descending, sigmoid, and rectum; those in or distal to the splenic flexure were defined as left colon polyps and those proximal to the splenic flexure as right colon polyps. The polyp size was estimated by comparison to the open biopsy forceps. Polyps ≤5 mm were defined as diminutive, those 6-10 mm as small, and those > 10 mm as large. The morphology was described according to the Paris classification [16] . After NBI assessment, the optical diagnosis of each polyp was made according to the NICE and WASP classifications: hyperplastic polyps (type 1p), SSP (type 1s), and adenomas (type 2) (Fig. 3 ). The level of confidence for each optical diagnosis was recorded as high (if the endoscopist made the optical diagnosis with a certainty > 90%) or low [17] .
Histopathologic Diagnosis
All included polyps were endoscopically removed and sent to histopathologic analysis. Pathologists blinded to the optical diagnosis assessed polyp histology, which was classified according to the WHO guidelines [18] . For study purposes, only the final histologies contemplated in the NICE/WASP classifications were included. (4) To assess whether the endoscopists could achieve the threshold for the implementation of the "do not resect" strategy. According to the ASGE PIVI statement, diminutive rectosigmoid hyperplastic polyps can be left in place, i.e., not resected, since the real-time endoscopic technology provides an NPV ≥90% when used with high confidence for adenomatous histology [7] .
Endpoints
Statistical Analysis
The diagnostic accuracy, sensitivity, specificity, PPV, NPV, positive likelihood ratio (LR+), and negative likelihood ratio (LR-) of optical diagnosis were calculated considering histopathologic diagnosis as the reference standard. The comparisons between P1 and P2 were done using the two-sample test for equality of proportions. 95% CIs were calculated using the exact method.
Multilevel logistic regression was used to evaluate the factors associated with diagnostic accuracy adjusting for the possible correlation between observations within each physician (cluster). We conducted univariate and multivariable analyses, both at the polyp level, taking the accuracy of optical diagnosis of adenoma (correctly diagnosed versus not) as the dependent variable. The potential predictors tested for association were polyp morphology (pedunculated versus sessile/flat), polyp size (> 10 mm versus ≤10 mm), number of polyps removed (> 3 versus ≤3), and the physicians' self-reported level of confidence in the assessment (high versus low). All tests were two-sided and we considered a significance level of 5%. The analysis was done using R version 3.1.2 (http://www.R-project.org/). 
Results
Study Sample
A total of 135 colonoscopies were included and 312 polyps were detected and retrieved during both periods. Twenty-two polyps (7.05%) had a different histology (normal colonic mucosa: 2; mucosal prolapse syndrome: 7; inflammatory alterations: 7; lymphoid aggregate: 6) from those contemplated in the NICE/WASP classifications and were excluded from the final analysis. A total of 290 polyps were analyzed: 192 polyps in P1 and 98 polyps in P2; 193 (66.6%) were adenomas, 83 hyperplastic polyps (28.6%), and 14 SSP (4.8%).
The characteristics of the polyps are shown in Table 1 . In both periods, the majority of polyps were located in the left colon (P1: 59%; P2: 62%), had a sessile/flat morphology (P1: 83%; P2: 88%) and were diminutive (P1: 58%; P2: 62%). There was no difference in the location (p = 0.593), morphology (p = 0.652), and size of the polyps (p = 0.766) as well as in the level of confidence (p = 0.800) of the assignments between P1 and P2.
Comparison of Diagnostic Accuracy
The comparison of the overall accuracy of optical diagnosis between P1 and P2, using the NICE/WASP classifications, is shown in Table 2 . The overall accuracy of optical diagnosis was 0.75 (95% CI 0.68-0.81) in P1, with an increase to 0.82 (95% CI 0.73-0.89) in P2, although not achieving statistical significance (p = 0.260). Polyps classified with a high confidence level had an overall diagnostic accuracy of 0.79 (95% CI 0.72-0.85) in P1, increasing to 0.91 (95% CI 0.81-0.96) in P2 (11% improvement; 95% CI 1-22%; p = 0.053).
The dichotomized accuracy between P1 and P2 to discriminate the different polyp subtypes is represented in Table 3 . The accuracy of the NICE/WASP classifications to differentiate adenomas from nonadenomas was 0.78 (95% CI 0.72-0.84) in P1 and 0.86 (95% CI 0.77-0.92) in P2 (p = 0.164); assignments made with a high confidence level achieved statistical significance for the global sample (13% improvement, 95% CI 3-22%; p = 0.022) and also for polyps ≤10 mm (14% improvement, 95% CI 3-24%; p = 0.023) between the two study periods.
Real-Time Endoscopic Diagnosis of Adenomatous Histology: Predictors of Diagnostic Accuracy and PIVI Statement Performance
The sensitivity, specificity, PPV, NPV, LR+, and LRof the NICE/WASP classifications for differentiating adenomatous histology, among the two study periods, are shown in Table 4 . The NICE/WASP classifications showed a sensitivity, specificity, PPV, and NPV of 79, 77, 87, and 64% in P1, with an increase to 82, 94, 96, and 72% in P2. The LR+ and LR-results also showed an increase in the overall performance of the NICE/WASP classifications from P1 to P2.
In univariate analysis the high confidence level of the assessments was the only predictor associated with accuracy for adenomatous histology (Table 5) . No association could be demonstrated either for morphology, size, or number of polyps removed. Multivariable analysis confirmed the high confidence level of the predictions as the only factor independently associated with diagnostic accuracy for adenomatous histology (OR = 2.71, 95% CI 1.36-5.40; p = 0.005).
Regarding the ASGE PIVI statement for the "not to resect" strategy, the NPV for adenomatous histology of diminutive (≤5 mm) rectosigmoid polyps for classifications made with a high confidence level was 81% (95% CI 64-93%; n = 49) and 80% (95% CI 59-93%; n = 35) in P1 and P2, respectively. 
Discussion and Conclusion
The current study is one of the few studies reporting on the real-time optical diagnosis of colorectal polyps simultaneously using the NICE and WASP classifications among community endoscopists with no previous experience in NBI. The overall diagnostic accuracy before previous experience with NBI was moderate (0.75, 95% CI 0.68-0.81). Studies conducted in an academic setting revealed a higher accuracy with continuing NBI experience [17, [19] [20] [21] . In a nonacademic setting the real-time diagnosis has demonstrated divergent results, ranging from moderate to high diagnostic performances [22] [23] [24] [25] [26] [27] . Our results were comparable to those reported by Kuiper et al. [25] , who conducted a prospective trial in two nonacademic centers, evaluating optical diagnosis using highresolution endoscopy or NBI, achieving an overall sensitivity, specificity, and accuracy of 77.0, 78.8, and 77.9%, respectively. However, contrary to our study, the participating endoscopists had former contact with NBI, including participation in two previous studies evaluating NBI application. Vu et al. [24] also reported moderate diag- nostic performance results. The study included both academic and community gastroenterologists, reporting an overall accuracy of histological predictions made with a high confidence of 77.1%; academic and community gastroenterologists achieved an accuracy of 76.3 and 80.2%, respectively (p = 0.38). Rees et al. [23] evaluated the implementation of the NICE classification for optical diagnosis and also reported disappointing performance results, with an accuracy of adenoma characterization of 83% and a test sensitivity of need for surveillance of 73%. The authors concluded that NBI optical diagnosis is not accurate enough to replace histology in routine clinical practice. In our study, simultaneously analysis with the NICE and WASP classifications may have affected the overall results, making the comparison with other previous studies difficult, since the majority of them only evaluated the differentiation between adenomas and hyperplastic polyps.
In the second period of the study, the endoscopists attained a better accuracy (0.82, 95% CI 0.73-0.89), but this difference did not achieve statistical significance (p = 0.260). In both periods, the NPV for adenomatous histology was < 90%, failing to reach the ASGE PIVI benchmark and precluding the implementation of the "do not resect" policy. Studies have demonstrated a short learning curve for accurate characterization of colorectal lesions with NBI, with teaching modules of only 20 min being enough to achieve high accuracies [28] [29] [30] . However, in a realtime situation the learning curve of NBI might be longer [31] . Our results are in agreement with this assumption, showing that a continuous implementation of NBI in the characterization of colorectal lesions, although achieving an improvement over time, especially for the subset of predictions made with a high confidence level, the overall learning effect is below expectations and it is not enough to implement the "do not resect" strategy in clinical practice. East et al. [32] and Rastogi et al. [20] also found no learning curve effect in real-time optical diagnosis by endoscopists experienced with the NBI technology. Ladabaum et al. [22] developed one of the few studies to evaluate the effect of an intensive in vivo training module among community gastroenterologists with no previous experience with NBI, revealing the absence of a clear pattern of early learning or later stabilization of performance at a higher level. Contrary to these results, there are several studies showing the positive impact of standardized and continued training programs [27, [33] [34] [35] . McGill et al. [34] demonstrated high diagnostic performance, with an NPV of 95.4% for diminutive rectosigmoid polyps, among endoscopists who completed a computer-based module, followed by ten real-time colonoscopies. Further studies are necessary to access the best learning model and to definitely ascertain whether optical diagnosis is feasible among community endoscopists.
Although the NICE classification has been demonstrated to be easy to apply and feasible to implement, it has been criticized for omitting SSP characterization [36, 37] . Kumar et al. [38] demonstrated that SSP share an overlap of the NICE features usually found in both hyperplastic polyps and adenomas, which may contribute to missing SSP and to an erroneous classification of SSP with malignant potential as simple benign hyperplastic polyps [37, 38] . Therefore, it has been advocated that the "resect and discard" and "do not resect" policies could only be safely implemented with the proper differentiation of all polyp subtypes, namely SSP. A meta-analysis published in 2016 demonstrated a sensitivity of 60% for NBI to discriminate SSP from nonneoplastic lesions, showing the potential of this technology for the optical diagnosis of SSP [39] . Ijspeert et al. [15] developed and validated, with still images, the WASP classification to endoscopically differentiate hyperplastic polyps, adenomas, and SSP, achieving an overall accuracy for optical diagnosis of 0.63, which improved to 0.79 after training, with sustainable results after 6 months. The optical diagnosis of SSP had an accuracy of 0.74 and 0.86 before and after training, respectively. In our study, there was no improvement in the accuracy to differentiate SSP between both periods, however the initial performance was already good (0.92, 95% CI 0.87-0.95). The accuracy to differentiate adenomatous from nonadenomatous histology significantly improved over time for the predictions made with a high confidence level (0.81 and 0.93 in P1 and P2, respectively; p = 0.022). This result suggests that endoscopic recognition of adenomas may be easier in comparison to the other polyp subtypes. The darker color and brown vessels may facilitate their recognition. Indeed, previous studies demonstrated that microvascular assessment is associated with a short learning curve [31, 32, 40] . Vleugels et al. [33] , in a recently published study, were the first to report the real-time application of optical diagnosis with the WASP classification, with outstanding results of performance, achieving a global NPV for rectosigmoid neoplastic lesions of 90.8%, with a surveillance interval agreement of 95.4%. However, contrary to our study, they only included endoscopists who qualified after an intensive and structured training protocol. The intensive selection of the endoscopists may have limited the generalizability of their results but may suggest, once again, the importance of motivation, interest, continued training, and a mandatory accreditation process to ensure adequate performance [22, 27, 33, 34, 41] . Our study has important strengths, but also limitations, that are important to highlight. As mentioned before, this is one of the few studies simultaneous evaluating the application of the NICE and WASP classifications for real-time colorectal lesion characterization in routine clinical practice. Our results may be more representative than the results of previous studies of routine clinical practice, with all the constrains of daily "real-world" situations and with the inclusion of all polyp categories. This study was also enriched due to the evaluation of the learning effect of continuous application of optical diagnosis. However, as a limitation, the unicentric design, the limited number of polyps included in both study periods, with a disproportional number of polyps in each period (P1: n = 192; P2: n = 98), might have compromised the statistical analysis. Another potential limitation of this study is the fact that all outpatient elective colonoscopies were eligible, namely hereditary colorectal syndromes/ polyposis or previous colorectal cancer. However, there is no reason to assume that the polyps of this group of patients have a different phenotype compared to the sporadic ones, precluding data extrapolation to the general population. Additionally, the training process solely based on a 20-min audiovisual session as well as the lack of continuous feedback and a structured training program may have compromised the final results of performance. Finally, it would be important to analyze not only the "do not resect" policy, but also the "resect and discard" strategy, in order to fully evaluate the ability of nonexpert endoscopists to implement optical diagnosis in daily practice.
In conclusion, nonexpert community endoscopists achieved moderate accuracy for real-time optical diagnosis of colorectal lesions with the NICE and WASP classifications, with slight improvement over time. The ASGE PIVI threshold for the implementation of the "do not resect" strategy was not accomplished, precluding its widespread outside an academic setting. Therefore, despite encouraging preliminary results, further structured and formal training with periodic reassessment of endoscopists' performances is necessary before its widespread use as a standard of care in routine practice.
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